INTRODUCTION
We discuss here a correction applied to marine radiocarbon ages to compensate for the "marine reservoir age effect". For the present-day ocean, the sea-surface 14C reservoir age is on the order of 300-400 yr at low latitudes, rising to 1200 yr at higher latitudes in the southern ocean and the North Pacific. High-latitude surface waters are old because of upwelling of subsurface water, whose 14C is not reset to atmospheric values. By contrast, no surface 14C gradient is present between 40° and 70°N in the North Atlantic Ocean. The apparent natural 14C age of these surface waters is almost constant at ca. 400 yr. This is linked to the northward advection of surface and thermocline waters from lower latitudes that travel through the Gulf Stream and North Atlantic current systems. Modern marine samples from coastal British waters suggest that the conventional 14C ages obtained are typically too old and that a correction factor of 405 ± 40 yr should be applied (Harkness 1983) . This correction factor is generally applied to all conventional marine 14C ages (eg., Stuiver, Pearson and Brazunias 1986; Peacock and Harkness 1990 ) to facilitate comparison with terrestrial 14C ages.
The study of paired terrestrial and marine samples has demonstrated that the reservoir ages have varied during the Holocene, although it is characterized by a rather stable climate (for the Pacific Ocean, see Southon, Nelson and Vogel (1990) ; for the Atlantic, see Talma (1990) and Moore, McCormac and McCormick (1994) ).
By contrast, the last deglaciation was a period of intense climatic and oceanographic changes that have profoundly affected the global carbon cycle. As evidenced in ice cores and deep-sea and continental sediments, the sizes of the major carbon reservoirs (atmosphere, biosphere and oceans) during the last deglaciation were quite different from their steady-state sizes today. In addition, the rates of exchange between these reservoirs were also probably different because of changes in deep-sea ventilation, wind speed and sea-ice distribution. All these changes must have left some imprint on the distribution of 14C, which is today the most suitable tracer for studying the dynamics of the global carbon cycle.
New evidence suggests that the marine reservoir age may have differed significantly during the last glacial/interglacial transition. Specifically, we have compared the 14C ages of shallow marine mollusks from the Hebridean Shelf of northwest Scotland and the apparent ages of the Icelandic Vedde ash from this region and elsewhere in the North Atlantic.
The extremely high sedimentation rates, with nearly 500 cm of sediment representing the Younger Dryas (YD) interval, allow us to resolve the Vedde ash into a single, stratigraphically well-constrained horizon within British Geological Survey vibrocore (Fig. 1) 
METHODS AND RESULTS
We extracted molluscan samples from washed and dried bulk sediment samples and identified them by species before submitting them for accelerator mass spectrometry (AMS) 14C analyses. The samples were processed by the NERC 14C laboratory at East Kilbride, according to the procedures outlined by Gillespie, Hedges and Humm (1986) and prepared targets analyzed at Oxford (0t) and Toronto (TO). Table 1 lists the results of the 14C measurements. These data show a largely conformable sequence, with 14C ages decreasing upwards through the core from 11,400 ±70 yr BP (conventionali4C yr) at a core depth of 565-568 cm to 10,380 ± 100 BP at a core depth of 47-51 cm.
We did not find evidence for the Late Glacial Interstadial-YD boundary at the base of this core. However, a nearby core (57/-09/89) from the margins of the St. Kilda Basin contains a longer record (Peacock et a1.1992 ) that yields a conventional 14C age of 11,440 ± 120 measured on Parvicardium ovate underlying this regionally well-defined climatostratigraphic boundary. This suggests that the base of the core, at a depth of 579 cm, is almost coincident with the basal YD boundary. 
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The YD-Holocene boundary is clearly defined by lithological and faunal evidence at a core depth of 85 cm (Austin 1991) . It would therefore appear that almost the entire YD is present in this core and that it spans a period of >1000 14C yr (Johnsen et al. 1992; Alley et al. 1993 ). This interval is represented by nearly 500 cm of sediment, suggesting an average YD accumulation rate of 0.5 cm yr-1 within the central St. Kilda Basin. Our evidence suggests that sedimentation rates did not remain constant during the YD. The best fit for the age-depth data is a second-order polynomial curve, with an r2 value of 0.94 (Fig. 2 ). This fitted curve suggests that sediment accumulation rates were considerably higher during the early part of the YD, falling from 1.7 cm yr-1 at 570 cm to >0.3 cm yr-1 above 100 cm. From this fitted curve, we can derive an expression for the age-depth relation within core VE 57-09-46 during the YD conventional 14C age = 10212 + 3.146 (depth cm) -1.695 x 10-3 (depth cm)2. Depth (cm) Fig. 2 .14C age vs. depth model for core VE 57-09-46. The concentration of rhyolitic shards is indicated on the right axis. The 14C age of the Vedde eruption is ca. 11,000 BP, based on the dates on mollusks. The true 14C age of the eruption is 10,300 BP, based on data obtained in terrestrial sediments (Bjorck et al. 1992; Bard et al. 1994; Gulliksen et al. 1994; Wohlfarth, Bjorck and Possnert 1995) .
The peak of clear acidic shards is centered around a core depth of 265 cm, with their first appearance at 285 cm and a gradual decline in shard numbers upward to 230 cm. These shards exhibit the typical "winged" morphologies associated with the rhyolitic Vedde ash (Fig. 3) . These tephra can be correlated with the Rhy 1 shards studied by Kvamme et al. (1989) (Fig. 2) , we used those with a sieved size of >250,um. Figure 4 presents the results of the geochemical analyses, which agree with previously published analyses of the rhyolitic fraction of the Vedde ash (Mangerud et al. 1984; Kvamme et al. 1989 ).
We also recognized, in this core, three distinct basaltic populations, all geochemically indicative of an Icelandic origin (Kvamme et al. 1989) at depths between 340 cm and 100 cm (Hunt et al., in press ). Two of these basic populations, STK-1 and STK-2, are basaltic tholeiites and can be correlated with 1 Thol. 1 (similarity coefficient (s.c.) = 0.95) and 1 Thol. 2 (s.c.= 0.98), respectively. The third, STK-3, is a transitional alkali basalt and can be correlated with 1 Tab 1 (s.c.= 0.95). The latter is thought to represent the basic component of the Vedde ash. We are currently re-examining this core in an attempt to resolve the basaltic populations into a stratigraphic sequence of eruptive events. Earlier investigations by Selby (1989) and Peacock et al. (1992) suggest that this is possible.
Attributing a 14C age to the Vedde ash eruption is not trivial because the ages are not directly measured on the shards. Potential problems include the depth of the dated mollusks while living, bioturbation, reworking of older sediment and ice rafting of ash shards. The living depth of the dated shells strongly affects the accuracy of the sediment chronology. However, the species chosen for AMS dating are small nuculacean bivalves that usually live at or a few cm below the sediment surface (cf. Yonge and Thompson 1976). Consequently, it is safe to assume that no systematic lag is created between the age of the shells and the true age of the sediment.
As bioturbation models clearly show (e.g., Berger and Heath 1968) , there is an initial downward transport from the sediment surface related to the mixed layer depth (usually <10 cm for the deep ocean). Fortunately, however, in a shelf area characterized by extremely high sedimentation rates on the order of 1 cm yr-1, the bioturbation should be negligible, creating a maximum lag on the order of a decade for a bioturbation depth of 10 cm. Nielsen, Heinemeier and Rud (1994) demonstrated convincingly that the sand-sized fraction of sediment can be continuously reworked through a process of lateral transportation to the site of deposition. They studied coastal cores from the Skagerrak region characterized by extremely high sedimentation rates (on the order of 1 cm yr), observing significant and systematic discrepancies (ranging from several centuries to a few millennia) between the AMS 14C ages obtained on mollusks and those measured on benthic foraminifera. Their interpretation is that the sand-sized foraminifera are continuously eroded from older marine deposits, transported and redeposited at the site, and that they are, on average, older than the true age of the sediment, which is given by the shells.
The shelf sediments from the St. Kilda region are also characterized by extremely high accumulation rates on the order of 1 cm yr'1. Following the same line of reasoning as Nielsen, Heinemeier and Rud (1994) , the shells of mollusks are immobile, and thus in place, whereas the sand-sized ash shards (>2501um) have been reworked over a depth of ca. 30-40 cm. The true depth of the Vedde ash deposition should thus be its deepest occurrence in the sediment column, 285 cm, corresponding to a shell age of ca.11,004BP. An initial entrainment by bioturbation (<10 cm) would reduce the depth to ca. 275-285 cm.
On the continent, the volcanic ash was windblown (Mangerud et a1.1984) , whereas in the deep-sea sediments, the ash shards were also rafted by drifting sea ice, which could have further delayed dep-osition (Ruddiman and Glover 1972) . The >250 ,um size of the shards counted from core 571-09/46 lie (at a distance of nearly 1000 km from Iceland) outside the size-distance relations for the subaerial fallout of tephra, according to the data from Fisher (1964) and Walker (1971 1994) and Sweden (Wohlfarth, Bjorck and Possnert 1995) indicate that the Vedde ash eruption occurred at ca. 10,300 BP. By comparing this age with the one determined in the St. Kilda area (close to 11,000 BP), we conclude that during the YD, the reservoir age at this location was on the order of 700 yr, whereas it is now on the order of 400 yr.
This new estimate of the reservoir age essentially agrees with those determined by using the same rationale for deep sea cores . In that case, the reservoir age is more difficult to quantify, since bioturbation also generates a significant age difference between ash layer and foraminifera. However, after correction for a bioturbation bias, it appears that the North Atlantic reservoir age was a few centuries greater than today (700-800 yr instead of 400-500 yr). Figure 5 gives three examples of deep-sea sediment cores in the Vedde ash layer section that have been AMSdated; bioturbation displacement of ash shards is evident in each. The magnitude of the age bias between ash and foraminifera depends on the sedimentation rate and the bioturbation mixing depth (estimated from the exponential decrease of the ash concentration). For each core it is possible to derive a corrected 14C age for the Vedde ash deposition on the order of 11,000-11,100 BP . Sediment reworking should not have a major effect on the study of these deep-sea sediments because additional proxies (8i80, transfer function SSTs) were obtained on the samples that were used for AMS dating. These other measurements independently confirmed that the AMS-dated foraminifera were indeed living during the YD. Moreover, both ash shards and foraminifera would be reworked, because both are mobile when subject to reworking.
IMPLICATIONS FOR NORTH ATLANTIC PALEOCEANOGRAPHY
The finding that North Atlantic reservoir ages were larger during the YD has two important implications. First, it limits our ability to compare climatic time series dated by 14C on foraminifera or (Lehman and Keigwin 1992) . These ages are much older than the consensus values for these well-recognized climatic boundaries, 11 and 10 ka BP (Mangerud et a1.1974; Hajdas et a1.1993; Goslar et a1.1994 ). Peacock and Harkness (1990) suggest that polar waters returned to the seas adjacent to Scotland by ca. 10,850 BP and were present until Ca. 10,200-10,100 BP. The discrepancy in Troll 3.1 could be removed by invoking larger reservoir ages during the last deglaciation (Stuiver and Brazunias 1994) .
Second, it affects our understanding of the mechanisms that generated the increase in reservoir age.
Today the North Atlantic is characterized by a reservoir age on the order of 400-500 yr, whereas all other high-latitude oceans show larger reservoir ages of 500-1000 yr (Stuiver, Pearson and Brazunias 1986; Bard 1988; Southon, Nelson and Vogel 1990) . This major difference is linked to the northward advection of surface and thermocline waters from lower latitudes that travel through the Gulf Stream and North Atlantic current systems. After recirculation and winter convection, this water flux ultimately feeds the North Atlantic deep water (NADW).
Consequently, any change in the North Atlantic reservoir age is probably a response to variations in the NADW formation process and/or changes in the rate of ocean-atmosphere gas exchange. During the cold/warm swings of the last deglaciation, both processes changed dramatically, and the observed effect is probably the combined result of a decrease of NADW flux (Boyle and Keigwin 1987; Keigwin et a1.1991) 
